Abstract: Maintaining and improving the ecological soundness and value of Korea's traditional villages can contribute to their role as tourism resources. This study examined water treatment measures intended to improve the ecological value of one of South Korea's traditional villages by analyzing the efficiency of water treatment in a pond at the village's entrance and changes in flora around the village pond. The results demonstrated a statistically significant reduction of non-point pollutant sources flowing from the pond into surrounding farmland. Treatment efficiencies of Total Nitrogen, Dissolved Oxygen, Biochemical Oxygen Demand, and Chemical Oxygen Demand and Total Phosphorus were 75.33, 30.02, 65.52, 59.12 and 78.85 percent respectively. Moreover, changes to the flora around the village pond were analyzed. Prior to the village pond being dug, the flora consisted of a single-species gramineous plant; however, after the village pond was constructed, nine types of aquatic plants were identified, including lotus plants. The flora diversity was increased, with the aquatic plants showing strong growth. This pond function influences the reduction of pollution load for streams outside the village, and distributes the treatment effects of pollution sources that occur inside the village.
Introduction
Today, sustainable city development is a significant objective for urban environments. UN-Habitat has been discussing the importance of well-planned, well-governed, and efficient cities and other human settlements, with adequate housing, infrastructure, and universal access to employment and basic services such as water, energy, and sanitation [1] . The United Nations Centre for Human Settlements (UNCHS) has also established planning index and criteria to be practiced globally, and many countries around the world have strived to construct sustainable settlements in accordance with their background and circumstances [2] . Korea is also responding actively to environmental issues while the UN is escalating its efforts to achieve harmony between environment and development.
Korea is deeply interested in methods to minimize the influence on the environment when restoring ecosystems destroyed from industrialization and urbanization, and by new development. In particular, the Ministry of Environment, one of the branches of the central government, engaged in a 10-year national project to "[create] ecological streams" from 2006 to 2015, and the Ministry of Land invested a large budget in creating and restoring environmentally friendly streams that allow humans to coexist with the environment over the five-year period between 2007 and 2011 [3] . These efforts were made to improve quality of life by enhancing the comfort factor of the physical environment, and Kimcheon's Wonto Village [14] has provided observations on water cycling systems, low marshes and creeks for storm water infiltration, and plant purification systems based on system construction of water resources. This study, which was primarily conducted through observation, investigation, and a literature review, interprets water systems in traditional villages from physical perspectives, including humanistic perspectives and topography.
Water treatment is an important factor in ensuring the ecological integrity of a village's water bodies and water systems [15] [16] [17] . This study looked at Kyeongnam's Wooponeup riverside cistern [18] , Chungnam's Gongju Jaemin River [19] , and Kyeongi Province's Kyeongan River [20] to investigate and assess the value of water treatment. There has been substantial interest in research regarding farmland water quality issues associated with urbanization [21] , improvements [22] [23] [24] , and evaluation [25, 26] .
To improve water quality and the provision of ecosystem services in eutrophic urban ponds, research has been conducted to examine water quality improvements achieved by building floating treatment wetlands with plants from the Cyperus species, and other studies [27] have shed light on the effects of water treatment in small-scale urban bangjuks using volcanic ash and yellow iris [28] .
Oeam Village, in southern Chungcheong Province, was used as a case study area in this research to assess the ecological value of water treatment systems in traditional Korean villages and address the following two questions: First, is it feasible to say that the occurrence of water treatment confirms the ecological value of village ponds? Second, what plant species changes confirm the ecological value? The answers to these questions are expected to be useful in research on the role of water treatment methods in the daily life of Korea's traditional societies and in the formation of eco-villages for future generations.
Materials and Methods

Study Scope and Area
The time frame for this study is from Oeam Village's formation to the present day. The village waterway was constructed after the formation of the village, and the village pond at the village entrance was constructed recently. The spatial scope of this study includes Oeam Village's pond as the central point, as well as the environment surrounding the village pond (see Figure 1) . Approximately 500 years ago, the Meok clan settled in Oeam Village, which is located on a slope at the foot of Seolhwa Mountain. The Kang clan then entered and lived in the village until the period of the Yean Lee clan. The Yean Lee clan formed a village following the Myeongjong of the Joseon Dynasty. The residences of aristocrats such as Yeongam, Champan, and Songhwa still exist today, along with approximately 80 households and 400 residents. Many of the large and small thatched-roof homes remain in their original form [29] .
Oeam Village features two main characteristics in the use and treatment of water. The first is the directing of mountain streams using the natural topography and slope of Oeam Village near the Seolhwa Mountain. This appears to be related to both the daily use of water and to aspects of fengshui. Another characteristic of the village is a one-block area of farmland that was recently transformed into a village pond, in accordance with a decision made by the Village Conservation Association. The village pond, which stores effluent water that accumulates in specific farmland areas in the village, provides both the ecological value demonstrated in this research and scenic value for visitors to the village.
Research Methods
This research sought to verify the water treatment efficiency of effluent water from the village's outdoor spaces, including the village pond's water treatment structure and farmland, which use Oeam Village's topographical features. This research also sought to verify the pond's instrumental role in improving the environmental ecological value of traditional villages through an analysis of surrounding plant species.
To analyze the village pond's environmental ecological value as a water treatment structure, data were collected by examining the existing literature, conducting interviews with residents, and carrying out on-site field investigations. Three types of analyses were conducted. First, the physical structure of the village pond at the entrance of village was analyzed, as well as the water quality of the village pond that acts as a sewage collection system, to assess the effect of water treatment from the village pond. Moreover, an analysis of plant species around the village pond aimed to confirm the changes in the environment around the village pond. This assessment was made by analyzing the village pond's water quality. Lastly, by examining changes in plant species around the village pond, this study verified improvements in Oeam Village's environmental ecological value (see Figure 2) . The field study in this research was conducted from June of 2016 to June of 2017. The quality of the effluent and influent water was tested ten times under identical conditions as part of the assessment of the plant species and water treatment efficiency of the village pond built at Oeam's entrance. We commissioned the Korea Water Resources Corporation's Water Quality Inspection Center to conduct water sampling and testing, and we analyzed and compared the effluent and influent water quality based on measures of water quality in the cistern. In addition, a t-test analysis was conducted to verify the significance of the efficiency of reduction of non-point pollution in the village pond. The mean values of water quality measures for the influent water that flows in from the village's farmland and waterway and passes through the village pond were compared with the mean values of the same measures for the effluent water that exits the pond. We confirmed that the pond installed in the traditional village is indeed an environmentally friendly system that reduces the pollution load in the Oeam River outside the village. Research on plant species inside and outside of the village pond was conducted by means of inspection and monitoring of all the introduced species.
Field Surveys for Collecting Presence Data
Village Water Treatment Structure
We analyzed the two main components of Oeam Village's water treatment system separately: the village waterway that provides water for daily living and the village pond where effluent water from the village gathers. Oeam Village's water treatment structure differs from those of other traditional Korean villages in that the waterway that provides water from the river for daily living is a separate installation. In addition, the reconstruction of the village pond at the entrance of the village in 2013 is unusual.
Village Waterway
The Oeam Village waterway is a man-made waterway that was built 300 years ago. The waterway was built for several reasons: first, to control the fengshui of Seolhwa Mountain [2] ; second, to provide water for fighting fires, because the homes in the village at that time were made from wood; third, to provide agricultural water to farmland located inside the village; and fourth, to provide water for landscaping purposes in noble households and for daily use in homes [7] . In terms of the manner in which it was used, the village waterway was similar to today's modern graywater facilities [3] , and it is still used for garden plants and water for daily use in individual homes in the village.
The village waterway can also be interpreted as a type of corridor that is often seen in landscape ecology [8] . In a structure in which mountain stream water from outside a village is redirected to pass through the interior of the village before flowing back out again, functions such as energy delivery, filtration, and obstruction can be verified. The physical structure of the village waterway was built in the form of a reinforcing stone wall, in accordance with the surrounding environment that contains numerous stones. While the waterway flows in the direction of the Oeam River at the village entrance, it becomes wider, and its role expands as a channel for rain water that flows to the river.
The 
Village Pond
There are two types of ponds inside Oeam Village. The first type is a pond outside a personal residence that is part of a garden; the second type is built in a public space and functions as a water storage facility.
This research addresses the latter type of pond. Following modernization, domestic sewage ducts were reclaimed as pipes and connected to a sewage treatment facility. When the pollution levels of domestic sewage were low, domestic sewage and effluent storm water from a home would be temporarily detained and reused. A typical example of this is the small village pond next to what is referred to by the villagers as the Professor's House. The distinct shape of the waterway connected to the village pond from the wall of the Professor's House remains today. After collecting in a pool that spanned over 200 cm 2 , the water would be reused for agriculture. Any water that was trapped after surpassing a certain level would flow back into the village waterway [3] .
Influent water from the village pond next to the Professor's House was separated into domestic sewage that flowed from the Professor's House and a water supply that flowed from farmland. Influent water that ran down from farmland above the village pond would pass through terraced fields and enter the village pond at the lowest point. According to an interview with a village resident (an 80-year-old grandmother), the pond used to be twice the size it is now, and its water was utilized during water shortage periods. The village pond today is nearly incapable of performing its function as a source of agricultural water. Influent water that flows from farmland creates wetlands, and the large colonies of willows and aquatic plants present keep the water comparatively clean.
Another village pond was constructed by digging out a one-block section in the form of a bangjuk at the lowest point of the field and directing water into it from the waterways (see Table 1 ). All of the effluent rain water from farmland located on the right side of the village entrance flows into the pond. There are plans to connect the waterway to direct effluent that flows down from the village to the pond. Figure 4 shows the pond that the Oeam Village Conservation Association decided to build in 2013 for the purposes of treating non-point pollutant sources such as nitrogen and phosphorus emitted from the village farmland and providing a new tourist attraction for visitors to the village (interview with village conservation chairman, Lee Joonbong, 2014). The village pond (see Figure 5 ) created by the Oeam Village Conservation Association is not a historical restoration or reproduction. Rather, it takes the form of a village bangjuk, as commonly seen in traditional Korean villages. One block of farmland in front of the village was converted into this pond to promote the environmental ecological value of the traditional village.
This village water treatment structure should be considered an ecological watershed management treatment facility and studied as an environmentally friendly facility [9] . Its environmental ecological value is directly connected to the village pond, which temporarily stores effluent water from the village, reduces environmental pollution, increases species diversity, and provides a system for recycling water resources. 
Village Pond Water Quality Inspection
The physical characteristics of the village pond located at the entrance to the village are summarized in Table 1 . The pond, which is ovoid in shape, has an area of approximately 510 m 2 and a depth of less than 1.0 m. The top section of the pond abuts farmland, and the pond's left side abuts the village road and village waterway. This structure enables water in the pond to flow from the farmland and out of the village waterway (see Figure 3) . Water quality inspections of the village pond took place in July, August, and October of 2016 and May, June of 2017, and specimens were collected from the pond's influent and effluent points.
The influent point specimens were tested ten times, and the effluent point specimens were tested three times.
The point at which water flows into the village pond is divided into two sections where water flows down from farmland. One point connects to the village waterway, and the other is a point at which water flows down from the center of the farmland. The village pond's outflow point connects the village pond to the village waterway (see Figure 5) .
As has been done in previous studies [19, 30] , the six measures of cistern water quality pollution considered in this research were T-N (total nitrogen), DO (dissolved oxygen), BOD (biochemical oxygen demand), COD (chemical oxygen demand), SS (suspended solids), and T-P (total phosphorus). The water quality analyses were conducted by the Korea Water Resource Corporation's Center for Tap Water Analysis. The results shown in Table 2 were obtained three weeks after the date of commission. 
Point of Investigation
Analysis Items Date T-N (mg/L) DO (mg/L) BOD (mg/L) COD (mg/L) SS (mg/L) T-P (mg/L)
Results
Analysis of Water Purification
The influent-point and effluent-point water quality of the village pond were analyzed to assess the water treatment efficiency of the pond. The analysis was conducted by evaluating the rate of change (reduction rate) of each water quality measure considered. The rate of change in water quality for each item was calculated using the formula below:
(1)
The removal efficiency results are summarized in Table 3 . The calculated water quality rates of change (reduction rates) for the water quality measures considered are illustrated in Figure 6 .
Statistical analyses were conducted using SPSS for Windows (Ver. 24.0, SPSS, Inc., Chicago, IL, USA) to assess the significance of the rates of change (reduction rates) obtained. Paired t-tests were conducted to assess whether significant differences existed between the means of the water quality measures considered for the influent-point and effluent-point water samples. Sample statistics for each of the water quality measures are shown in Table 4 , and sample correlation coefficients are shown in Table 5 . The results of the paired t-tests are shown in Table 6 . 
Changes in Ecological Resources
The target research area functioned as an area for food production before the village pond was constructed in 2013. The surrounding farmland area is 11,493 m 2 . A one-block area (510 m 2 ) of the farmland was transformed for use as a village pond. Single-species gramineous plants grew wild in the field before the transformation. However, ecological diversity resulted from the village pond's construction. The dominant vegetation observed in the target area was the lotus (Nelumbo nucifera) which had a distribution area of 510 m 2 . Duckweed (Lemna perpusilla Torr.), brown silvertop grass (Persicaria thunbergii H. Gross), water pepper (Persicaria hydropiper (L.) Spach), Singhara nut (Trapa japonica Flerov.), bog pondweed (Potamogeton distinctus A. Benn.), shaggy arundinella reed (Arundinella hirta (Thunb.) Tanaka), and barnyard millet (Echinochloa crus-galli var. frumentacea) were also observable with the naked eye (see Figures 7 and 8 ). Aquatic plants are the primary producers of everglades ecosystems, which stabilize wetland soil and prevent erosion. Aquatic plants also absorb materials suspended at the water level, including nutrient salts and toxic substances. Aquatic plants absorb nutrient salts quickly, have short storage periods, have high reuse values, and can be used in water treatment systems that utilize aquatic plants [31] .
In the case of lotuses, the results of this study were similar to those of other research that has shown a high rate of efficiency in nutrient salt removal for lotus plants in large eco-wetlands [32] and the results of thesis research that demonstrated the marked ability of lotuses to remove organic matter from wetlands [33] . Oeam Village is one of Korea's representative traditional villages, and numerous tourists visit the village yearly. The village has also applied to register with UNESCO as a world heritage site. The village conservation association appears to have chosen to emphasize landscape and ecological value over crop production value. The village pond was constructed in the form of a typical village bangjuk as a means of water treatment and to provide a new tourism attraction, in addition to improving the landscape and ecological value of the village.
Discussion
As shown in Table 3 , the measurement results demonstrated that the variation rates in water quality for each item were 75.33 percent for TN, 65.52 percent for BOD, 59.12 percent for COD, 74.14 percent for SS, and 78.85 percent for TP. An increase of 30.02 percent was observed for DO.
The water that flows into the village pond from the farmland stays for some time in the village ponds, where it is purified through filtration, adsorption, and denitrification of pollutants. Although results may vary depending on the survey purpose, survey timing, and season, the water purification function has been confirmed in a similar test for general detention ponds. In addition, as shown in Table 6 , TN, DO, BOD, and TP COD exhibited significant differences between water quality at the outflow point and at the inflow point. However, the differences were non-significant for SS.
The significant purification results should be understood in certain contexts, however. The water quality survey was conducted in May, June, July and August, when the highest crop growth was expected, and in October, when the growth was completed, to negotiate the timing of the application of fertilizer to farmland adjacent to the village pond-an assumed source of water pollution. It has been four years since the pond was built at the entry to Oeam Village, and it is in the process of stabilization. A statistical analysis based on a continuous water-quality survey will provide more reliable knowledge of whether the water treatment efficiency for each item is significant.
This study aimed to showcase the ecological diversity that has been achieved through ecological purification and various vegetation changes in the village ponds in Oeam Village. It was confirmed that water treatment was achieved by the ecological system of the ponds in the traditional village-distinct from potential alternatives such as mechanical devices. It was also confirmed that changes in vegetation had occurred after the village ponds were created. These elements are considered beneficial for improving the environmental-ecological values of traditional villages.
Conclusions
The pond at the village entrance, which was the focus of this study, takes the form of a village bangjuk, commonly seen in traditional Korean villages. It also reduces non-point pollution sources that flow in from farmlands in the upper portion of the village. The treatment efficiencies of TN, DO, BOD, COD and TP were 75.33, 30.02, 65.52, 59.12 and 78.85 percent, respectively, and were all found to be statistically significant except SS. The village pond acts as an environmental filter for pollution sources that arise in the farmland outside of the village.
The analysis of changes in plant species surrounding the village pond identified nine types of single-species gramineous plants that were cultivated in the farmland. The surrounding plants exhibit healthy growth and the water purification function of the lotus plants in particular support the environmental ecology of the village pond. This has a positive impact on visitors to the village and thus improves the ecological value and tourism appeal of the village.
The study results confirm that the village pond temporarily stores effluent water from the village from farmland in particular and reduces the pollutant load in the river outside the village. The results also confirm that plant species changes have occurred that have increased the area's ecological soundness.
The results of this study will contribute to increasing the ecological soundness of traditional Korean villages, providing eco-tourism resources for visitors to traditional villages, and the application of the principles of spatial composition to future eco-friendly villages. Further research must be carried out on these topics.
